Cultures of Proteus hauseri may consist of one or more of five colonial variants. Population pressure experiments started with one variant eventually yielded all other variants. Y variants form raised non-swarming colonies on a MacConkey-type agar at 37O, but swarm in concentric step-like rings a t room temperature on this medium; they swarm in step-like concentric rings on nutrient agar a t room temperature and at 37'. This variant is stable under conditions of logarithmic growth and is regarded as the wild type. Variant X is a typical Rough form and does not swarm under any circumstances. In continuous culture it mutates to the Y type a t a high rate. The W variant forms colonies very similar to those of the Y variant, but like the X variant does not swarm. It is stable under conditions of continuous culture, but mutates on MacConkey agar to X and Y variants at low rates. On MacConkey agar at 37' the Z type appears as a flat amorphous colony surrounded by a continuous thin film of swarm. It also swarms at room temperature. This variant is replaced by a mixture of Y and W colonial forms in continuous culture experiments.
INTRODUCTION
Weil & Felix (1917) were the first to describe variants of the usual swarming type of Proteus. They designated the latter as H (Hauch) and the non-swarming slimy colonies as 0 (ohne Hauch). They also mentioned 'Tropfchenform' or drop-like colonies. Other workers have described colonies of Proteus ' resembling those of B. coli' (Wenner & Rettger, 1919;  Yacob, 1932) and Felix (1923) ' Moltke (1928) and Felix & Rhodes (1931) described what appear to be Rough colonial forms. Perch (quoted by Kauffmann, 1951) differentiated two types of colony on 0.1 % phenol agar: a 'dull' one which was flat and surrounded by a narrow swarming zone and 
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a 'bright' one which was domed and sharply defined. Belyavin (1951) was the first to study morphological variants of the group systematically. Three colonial forms were described, which he provisionally labelled A, B and C phases. On nutrient agar overnight a t 37' the A phase swarmed in a characteristic step-like concentric ring pattern. The B phase usually did not swarm while the C phase swarmed in a uniform film without step formation. Coetzee (1959 a ) described properties of a Rough form of a vulgaris variety of Proteus hauseri and mentioned other variants encountered. These were non-committally labelled with letters from the lower end of the alphabet. The present object is to characterize these variants and correlate the findings with those of Belyavin.
METHODS
The strains used were described by Coetzee (1958) , and consisted of ten vulgaris and twelve mirabilis varieties of Proteus hauseri. The cultures were isolated during 1956 and have been maintained on nutrient agar slopes a t 4' . The broth used consisted of 2 % (w/v) 'Lab-lemco', 4 % (w/v) Difco peptone and 0-5 % (w/v) sodium chloride at pH 7.4. The plating medium was a MacConkey-type agar made up as follows: Peptone (Oxoid) 40 g., bile salts (Oxoid) 3 g., sodium chloride 10 g., agar (B.B.L.) 34 g., distilled water 2000 ml. Dissolved in steamer and 20 g. of bacteriological lactose (Gurr), 6-0 ml. of 1 % (w/v) neutral red, and 2.0 ml. of 0.1 yo (w/v) crystal violet added. pH adjusted to 7.2, and autoclaved a t 15 lb. for 15 min. The method of initiation of cultures from single cells has been described and consisted of starting a t least treble the number of cultures required with equal small inocula of 6 hr. broth cultures. If more than one-third of these cultures remain sterile it follows from the Poisson distribution that the remainder were initiated with an average of one viable organism. Continuous culture experiments consisted of maintaining logarithmic growth in cultures originally initiated with single organisms by subculturing c. lo4 organisms at 8 hr. intervals into 800 ml. of fresh pre-warmed broth. All cultures were continually aerated and agitated by a stream of sterile air, and incubated a t 37". This method has also been described . Population pressure experiments were done by starting a single organism culture in 40 ml. of broth. After 24 hr. incubation at 37', 1 ml. of this culture (titre c. 4 x lO*/ml.) was transferred to 40 ml. of fresh broth. This procedure allowed only 5-6 generations of growth before the M concentration was again reached. Further similar subcultures were done, and at intervals suitable dilutions were plated to determine the colonial morphology of the organisms present. The estimation of mutation rates by counting mutant outgrowths from parent colonies was as described for other systems (Ryan, Schwartz & Fried, 1955; Coetzee, 1959 b, c ; Coetzee & Sacks, 1960) . Colonial morphology was studied by plating suitable dilutions of broth cultures on MacConkey-type agar plates (see Coetzee, 1 9 5 9~) .
The saline stability of the organisms was tested by the method of Pandit & Wilson (1932) with concentrations of NaCl ranging from 0.4 to 5 yo.
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RESULTS
lClorphologicajl variants
All the strains examined were found to consist of one or more of five colonial variants. The variants showed no predilection for mirabilis or vulgaris strains.
Y variants. After 16 hr. incubation on MacConkey-type agar a t 37" these colonies are 3-4 mm. in diameter, dome-shaped, circular in outline with an entire or slightly striated edge and possess a beaten copper surface. There is usually no swarming a t 37" on this medium although sometimes, especially after longer periods of incubation, the edge may be less well defined and merges with c. 1 mm. of swarming spread. After 2 hr. a t room temperature (18-24") these colonies are surrounded by a halo of diffuse spread c. 2 cm. in diameter (Pl. 1 , fig. 1 ). Swarming appears earliest between crowded colonies. After 24 hr. a t room temperature the colony assumes the wellknown step-like concentric ring appearance associated with Proteus (Pl. 1, fig. 2 ) . Rauss (1936) demonstrated a very similar temperature effect on the swarming tendency of Proteus morgani. MacConkey plates inoculated with Y variants and kept a t room temperature overnight show step-like concentric ring swarming. Swarming on blood agar or nutrient agar plates kept a t 37" or room temperature for 16 hr. is always concentric and step-like. Increased concentrations of agar tend to diminish the diameter of the rings of swarming and diminishing the concentration has the reverse effect; below 1 yo swarming is continuous.
showing very little, if any, of the concentric step-like appearance of Y variants (Pl. 1 , fig. 3 ) . Swarming is more pronounced on blood agar and nutrient agar than on MacConkey agar. Concentrations of agar above 2 yo diminish the swarming and make the latter more Y-like. Swarming of both Y and Z variants is usually more extensive a t room temperature than a t 37". Y and Z variants of the same strain swarm into one another without a line of demarcation. X variants. These are similar to the Rough colonial form of strain 15 previously described (Coetzee, 1 9 5 9~) .
After 16 hr. incubation a t 37" on MacConkey-type agar they are larger and flatter than a Y variant of the same strain. The outline is irregular and the edge is concave and bevelled. The surface is rough (Pl. 1 , fig. 4 ) . These colonies do not swarm under any circumstances.
W variants. These variants were referred to previously (Coetzee, 1959a) but not described. After 16 hr. on MacConkey-type agar a t 37" they are smooth, shiny, with a circular outline, more heaped and slightly smaller than the corresponding Y colony (Pl. 1 , fig. 5 ) . They have a well-defined edge and like the X variety do not spread with any combination of temperature and medium tested. It is not always easy to distinguish overnight growths a t 37" of Y and W colonies on MacConkey agar. The best way of doing this is to leave the plates a t room temperature for a few hours when Y colonies develop their characteristic halo of spread (Pl. 1, fig. 1 Lytic phage isolated for each of the thirty-one strains (Coetzee, 1958) was active on all constituent variants of a strain, apart from the X variants which were always phage resistant. With the exception of X forms, colonies from all variants on nutrient agar formed stable suspensions in saline and in broth. The X form rapidly deposits at the bottom of the tube leaving the supernatent fluid clear.
Hanging-drop preparations of 4 hr. broth cultures at 37" reveal Y and drop-like variants as actively motile rods; the Z type consists mainly of motile filaments.
The W form consists of cocco-bacillary and bacillary forms, c. 80 yo of which are motile. X-types under similar conditions consist of bacillary forms only, c. 40 yo of which are motile. After further periods of incubation the motility of all variants decreases both quantitatively and qualitatively. It has however been established that the W and X colonial variants, which do not swarm, certainly show many motile forms in young broth cultures.
To examine whether the five colonial variants described are peculiar to old stored cultures, a number of freshly isolated strains of Proteus hauseri were studied. These invariably consisted of one or more of the above-mentioned variants.
Interrelationships
Population pressure experiments. In these experiments, cultures initiated with a single organism of a particular morphological variant, in due course produced the whole gamut of morphological types. The variants did not appear in any set sequence or combination and it was impossible to determine the detailed lineage of a particular morphological variant from these qualitative experiments. Y and W colonial variants usually predominated in the complex conditions prevailing in the ageing and starving populations.
Continuous culture experiments. Quantitative results are only available for strain 15 (vulgaris) but have been qualitatively confirmed for mirabilis strains 34 and 13. Coetzee (1959 a ) described how a culture initiated from a single X-variant organism of strain 15 and maintained in logarithmic growth was gradually replaced by Y colonial variants ; the process was complete after 350 hr. Experiments maintained for a further 500 hr. showed the Y type to be stable under the prevailing conditions.
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The random occurrence of Y from X variants was established by means of fluctuation tests (Coetzee, 1959a) finding was confirmed for strain 15 by doing reconstruction experiments. Continuous culture experiments were started with a known ratio of the two variants. The initial ratio was maintained for long periods of time.
Outgrowths of W colonies. Counts of the number of Y and X outgrowths from W colonies of strain 15 after 5 days at room temperature are presented in Table 1 . After 5 days a t room temperature no more outgrowths appeared. One hundred and ten W colonies which showed no outgrowths a t this stage were cut out and each entire colony spread on the surface of a separate MacConkey agar plate. After 16 hr. at 37" and a further 8 hr. a t room temperature plates were examined for swarming growth. Only three plates showed swarming. This implies that the mean number of undetected Y outgrowths per colony is negligible. A simple test for concealed Z growths was not devised. The P values given in Table 1 represent the chance of drawing a similar sample from a Poisson distribution with a mean equal to the observed mean number of outgrowths per colony. The values obtained are taken to indicate that the outgrowths were randomly distributed and support the theory of the mutational origin of events which started the clonal outgrowths (Ryan et al. 1955) . Mutation rates are also presented in Table 1 ; these are low and may be over-
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estimated because acid-Giesma staining (Bisset, 1950) of W organisms reveals 1-4 chromatinic bodies per organism. These low mutation rates are compatible with the fact that under conditions prevailing in continuous culture, W organisms are stable.
DISCUSSION
The microscopic pleomoiphism which induced Hauser (1885) to name these organisms after the Homeric sea deity Proteus is reflected in variations of colonial morphology. It becomes a matter of some interest to determine which is the wild type. It has been established that on solid media Y and X variants arise from the W form. The mutational origin of these two variants from the W form has been established for strain 15 and the mutation rate determined. The mutation rate of the X to Y form has also been determined for strain 15 (Coetzee, and Yacob (1932) may refer to our W variant, but it is difficult to relate the variants described by Perch (Kauffmann, 1951) to the present varieties.
Belyavin ( 1951) did not mention the effect of temperature on the swarming phenomenon of his A phase on MacConkey agar, yet the characteristics of A phase swarming on nutrient agar appear to be identical with those of the Y variants described here. Other features agree and Belyavin's phase A must be considered very similar to our Y variants. Belyavin regarded this phase A as the modal form.
The W variants described here resemble Belyavin's B phase. Differences are that some of his young cultures spread on nutrient agar and some were unstable in saline. He regarded the B phase as showing some Rough characteristics. We have not been able to confirm this since our W variants are stable in saline and broth, and are susceptible to phage active on the corresponding wild type. We have not, however, done any serological tests. Belyavin's C phase did not swarm on MacConkey agar. This may have been due to differences in ingredients of media used. Some of his C-phase colonies were unstable in saline. However, the type of swarming on nutrient agar was like that of our Z variants. The microscopic morphology was also identical and the C phase and the Z variants can be regarded as similar. If the foregoing is accepted then we have demonstrated, by means of continuous cultures, a direct transition from the C to the B phase, a change which Belyavin did not report.
Despite Krikler's (1953) demonstration of the unreliability of employing the C (Z) phase, the fact that A (Y) and C (Z) variants of a particular strain swarm into one another without a line of demarcation may be taken as support (Dienes, 1946) (1920, 1921) and, although no serological studies have been done, the latter symbol should be applied. Close identity has been demonstrated between our Y, W and Z variants and Belyavin's A, B and C phases, respectively. While many of Belyavin's strains had been maintained in stock culture for over 10 years, our cultures were less than 3 years old when examined and have never been dried. Moreover, newly isolated strains showed the same phenomena. It is possible that differences encountered may be explained on the basis of age of cultures examined; if this should prove to be so then it is recommended that Belyavin's terminology be adopted.
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EXPLANATION OF PLATES PLATE 1
Colonial morphology of Proteecs buseri variants on MacConkey-type agar. All figures life size. Fig. 1. Y variants after 16 hr. incubation a t 37" followed by 2 hr. a t room temperature. Fig. 2 . Y variants after 24 hr. at room temperature. Fig. 3 . Z variants after 24 hr. a t room temperature. Fig. 41 . Four X variants and two W variants, after 16 hr. a t 3 7 ' . Fig. 5 . W variants after 16 hr. a t 37".
PLATE 2
Colonial morphology of Proteus humeri variants on MacConkey-type agar. Fig. 6 . W variants. 5-day colony showing Y-type (left) and X-type (right) outgrowths; magnification c. x 6. Fig. 7 . Drop-like variants after 16 hr. a t 37"; magnification c. x 1.5. Fig. 8 . Drop-like variants after 16 hr. a t 37" followed by 18 hr. a t room temperature. Life size.
